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For starters...

® Assume gravitino (5 is the LSP throughout.
~—— low SUSY scale

® Then LHC SUSY search strategies are determined
by NLSP properties

ol'nrsp

% determines where decay occurs

. ® spin, charge, mass of X
set expected LHC signals
NILSP
AN

Important to know all
NLSP possibilities!
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Conventional Wisdom

® NLSP can be a;

k i. charged scalar (slepton, stop)

ii. neutral scalar (sneutrino)

iii. neutral fermion (neutralino)

® No charged fermion candidates! |"'xo < Tx

® Collider Signals: ~~ 4+ MET
(¢~ + MET
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WW 4 // ow/nﬁ Dirac. 1hos

® NLSP can be a;

k i. charged scalar (slepton, stop)

ii. neutral scalar (sneutrino)

iii. neutral fermion (neutralino)
iv. CHARGED FERMIONS (charginos)

° s! [Mxo < My

O aNdl

® Collider Signals: ~~ 4+ MET
(¢~ + MET

\jAn entirely new SUSY signal:
all events: WW + MET + X
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WW 4 // ow/nﬁ Dirac. 1hos

® NLSP can be a;

k i. charged scalar (slepton, stop)

ii. neutral scalar (sneutrino)

iii. neutral fermion (neutralino)
iv. CHARGED FERMIONS (charginos)

® No anNd| s!

® Collider Signals: ~~ 4+ MET
(¢~ + MET

\jAn entirely new SUSY signal:
all events: WW + MET + X
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R symmetry:

N =1 SUSY has a continuous /(1) symmetry

H— e 0, 0 — 0
chiral superfield ® has R-charge n: ®(z,0) — " ®(x, e "“0)

O(1) components have R-charge: 1
O(0) components have R-charge: n — 1

L= /d29d26’ K(®, o) + /d20 W W + /d29 W(®) + h.c.
4 ¥ ]

Majorana gaugino masses: 71/2AaA°
~— break continuous U(1)r — Z5 ‘R-parity’

.as do ‘u'-term pH, H,
and A -termsa;H,Qug
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A natural home for Dirac inos: MRSSM

e MRSSM: minimal R-symmetric extension of MSSM
(Kribs, Poppitz, Weiner ‘07)

Lets restore the continuous U(1)r symmetry

W/ =6.,D, X =6°F, Rr,Rp =0 introduced as spurions

® Can’t have Majorana gaugino masses, so add
new adjoint matter to get a Dirac mass with gauginos:

Py, Pw,®. for U(l)y,SU(Q)w,SU(g)C

we add, for each gauge group

, D
d%%W@a > A%, — mp il ‘R’-partner

Wednesday, November 5, 2008



MRSSM

¢, ,”

p1” term replaced by two terms, one for each higgs:

Wiarrssy O MutHulty + paH gty Ry =0,Rp=2

* F-term SUSY breaking mass terms for squark/sleptons
XXT

Q — mHQ*Q, etc. just as in MSSM

* A-terms, L-R sfermion mixing forbidden by R-symmetry

I _ .
dQHMHuQ Ugr O WX%Q@R —m?2 Qi
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MRSSM

¢, ,”

p1” term replaced by two terms, one for each higgs:

Wiarrssy O MutHulty + paH gty Ry =0,Rp=2

* F-term SUSY breaking mass terms for squark/sleptons
XXT

Q — mHQ*Q, etc. just as in MSSM

* A-terms, L-R sfermion mixing forbidden by R-symmetry
I 5 5
60— H,QUR O — a1 2

Rx =2,Ry =0,Rou = 1,

~
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MRSSM properties:

® Naturally heavy gluinos, no ‘A-terms’, different ‘u term’

L» many SUSY flavor/CP problems ameliorated...
(Kribs, Poppitz, Weiner ‘07)

® All inos (higgsino + gauginos) are Dirac particles

My 0 —g'v/V2 gvg/V2 | [ ]
~ = ~ 0 M Vu/V2  —qug/\/2
B W) (RY (RY | 0 02 7 u/u\[ g g/\[ 770
0 0 0 L | | HY |
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MRSSM properties:

® Naturally heavy gluinos, no ‘A-terms’, different ‘u term’

L» many SUSY flavor/CP problems ameliorated...
(Kribs, Poppitz, Weiner ‘07)

® All inos (higgsino + gauginos) are Dirac particles

M1 0 —g'v/V2 gva/vV2 | [[% ]
=y 0. di 0 M vu/V2  —gua/V/2
0 0 0 2  GUy gud P
B W (RY (RS 9 0 . " Ao
0 0 0 Ld 1 L HY |
Mo 0 W_ ~ ~ M 0 /fﬂw—
[ “ ] [ —GUu | Hu |i RT ] [ W ? ] [ —gud K4 / Hd
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MRSSM vs. MSSM

1 _
back in the MSSM... Vivssv D QX(JSMXOXO +( +)TM>ziX

Xo=[B WY H} HY, xy=[W"H, x-=[W " HJ]

M, 0 —g'va/V2  gou/V2 T
M. — 0 My gva/V2  —guu/V?2 M- — My
X0 T | —g'va/V2  gua/V2 0 — X+ quyg
| glvu/\/§ _gvu/\/§ — U 0

while in MRSSM Virrssar O EoMoxo + (€T T Moy~

&0 =[B W2 RS RY, xo0=[os H® HY &=t HFf WH Ry, x-=[W R

S

—g'vu/V2  gva/V2 ]
0 My gv./V2 —gug/V2 M:I: _ [ Mo 0 ]
0 0 i 0

. 00 0 pa

My =

guy
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MRSSM mass matrices:

A demonstration

® Set [, = [Lg = [t :same # parameters as MSSM:

® Jake limits M; — oo, tanf —

My O —Q/Uu/\/i g/’Ud/\/i |
Moo —| 0 My gu,/vV2  —gui/V2
0 0 " 0
00 0 e
Mo 0
M~:|: — { —gUy H :|
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MRSSM mass matrices:

A demonstration

® Set [, = [Lg = [t :same # parameters as MSSM:

® Jake limits M; — oo, tanf —
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MRSSM mass matrices:

A demonstration

® Set [, = [Lg = [t :same # parameters as MSSM:

® Jake limits M; — oo, tanf —
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MRSSM mass matrices:

A demonstration

® TJake limits M; — oo,

® Set [, = [Lg = [t :same # parameters as MSSM:

0
0
| N
M 0 ‘
z L __ LARGER off-diagonal

tan 8 — oo

element for charginos
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MRSSM mass matrices:

A demonstration

® TJake limits M; — oo,

M+ =

® Set [, = [Lg = [t :same # parameters as MSSM:

) K |
2 } LARGER off-diagonal

tan 8 — oo

X —qgu 5

Simple diagonalization gives:

element for charginos
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MRSSM mass matrices:

A demonstration

® TJake limits M; — oo,

M+ =

® Set [, = [Lg = [t :same # parameters as MSSM:

tan 8 — oo

X —qgu 5

Simple diagonalization gives:

) & |
2 } LARGER off-diagonal

Mass of lightest

element for charginos

Mass of lightest

chargino

neutralino

Wednesday, November 5, 2008



MRSSM: light chargino limits

® More examples in some common limits:

» “Higgsino limit”: /1 < My, Ms

2
pmyy, 1
T T T g o(31)

» “Wino limit™: My < p, M,

Mgm%/ 1
My, — My, = 20 | (9(—4)

chargino is lighter than neutralino!
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MRSSM: humerics

® Numerically, we explore a wider parameter space:
Am, =myg, —myg, (GeV) Am, =mg, —mg, (GeV)
X
e |
f -
M Ge) 200 400 " (G:: | 800 1000
tan 8 = 10, u = 150 GeV tan 8 = 10, My = 150 GeV
shaded area: my. < 101 GeV (LEP II limit)
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Widening the parameter space

® Additional couplings are allowed in MRSSM:

W D AHy i P9 R, i + AgHy ;P Ry ;
— )\;LHu(I)YRu + )‘&qu)YRd

consistent with all symmetries

® generates additional mixing in ino-sector

- M, 0 —g'v/V2  gva/V2 ]
> 70 T 50 0 Mo gvu/\@ —gvd/\/§
B Wy Ru Rl Moo /V2  —Av/V2 o 0
| —Awa/V2 Aqua/V2 0 ta
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MRSSM continued:

taking, for example: u =Xa =9, X, =X;=¢

Amy = mg, —mg, (GeV) Amy = mg, —mg, (GeV)
1000 - .

-10 —]

M| (GCV) M| (GCV)

tan 8 = 10, u = 200 GeV tan 8 = 10, My = 200 GeV

® with extra interactions, much larger mass splittings are possible
Amy, = my, —my+ can be ~30 GeV (tree level)

)\/

(~50 GeV possible if we relax % = )
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MRSSM comments:

® All results so far are at tree-level, but

(Pierce

<< MRSSM mass differences

® Results still valid relaxing #u = #d assumption
ex. Heavy Higgsino limit pq 7 ftu, pta > M1, Mo

Am,, ~ — sin? (3

Wl tanN
Amxm—sinzﬁmvg ”(M2 ~ ?\ZA )
1

® [eading C’)(ﬁ) corrections are also small
1

et al,

radiative corrections to Am, are O(GeV): hep-ph/960621 1)

and My, Ma > p, or Mi, p, > Mo

mw AU
2y
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MRSSM comments, cont.

105530

tan B

200

-5

-25

-20

0

-20
00

Am, =mg, —mg, (GeV)

o s o] -0 |
13 P—- .
00 800 1000
p (GeV)

M1 = 9500 GGV, M2 = 200 GeV

* dependence on tan 5 : biggest mass difference at large values

Amy =mg, —mg, (GeV)

]

10

29 oo -5 gl -10 F

M; (GeV)

M; =500 GeV, u = 200 GeV

Do we really need the MRSSM for My, < Mg, ?
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Actually, a little-known fact:

Chargino can be lighter
than the neutralino...

~.even in the MSSM!




WHERE?

If My, Ms > u

: M?
my, —mg, = | (tan® O i 1) + (tan® bw 32 — 1) fiysin 28| 33%+0 (537

while if My, u > Mos

_ My My 2 .2 1
My, — My, = —3 37,17, ol Oy sin” 26 + O o3

if sgn(Mz) = sgn(M), as usually assumed, then lightest
chargino is always heavier than the lightest neutralino.

So, lets consider the scenario sgn(Ms) #£ sgn(M;)
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MSSM numerics:

Am, =myg, —myg, (GeV)
B s
4501
200 -

i -04
v
S |
AL y0 )
250
200 -
~0.6
lsol; qu, rary = [ n 1"; -4 .|.'6 llllllll
500 450  ~400 =350 300 =250 =200 ~150
M| (GCV)

=150 GeV, tan 3 = 2

My =150 GeV, tan (3 = 2

® Although m,+ <m,, is possible, mass difference is
always small

® Radiative corrections important, but unlikely to be larger
than ~ few GeV

Wednesday, November 5, 2008

18



MSSM continued:

® parameter space where M, = < 7, is quite strange.

recall: sgn(Ms) = —sgn(M;)

® MSSM regions of My < MMy :

4 no gaugino unification
4 small tan 3 < 5 necessary
4+ multiple SUSY-breaking fields/messengers needed

4 +/- phases __, why not arbitrary phases!?

EDM problems! 4/
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LHC signatures

Every SUSY event contains WTW ™~ + 7

to determine W — e, pu,,jets

charginos as NLSP, mg = mw
can utilize: displaced vertices

If we see a chargino NLSP at the LHC...

® We can rule out any MSSM model with sgn(M;) = sgn(M>)
(MSUGRA, AMSB, common gaugino mass)

® Additionally, verifying Am, = 20 GeV strongly suggests non-
MSSM supersymmetry; favoring Dirac inos or extended
models (nMSSM)

Wednesday, November 5, 2008

20



Conclusions

® opening up a
new class of SUSY signals (with gravitino LSP)

® A generic signal when gauginos are Dirac -- as in
MRSSM

® (Can also occur in obscure, but interesting regions
of MSSM parameter space. sgn(M;) # sgn(Ms)

® New signals to be explored:

SUSY signal: pp — W W™ + fr + X
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